The mechanisms of disorders in cell functions induced by 1,4-naphthoquinone amide derivatives are not clarified yet. The article is dedicated to the study of features of these substances influence on loach misgurnus fossilis L. embryos pro/antioxidant homeostasis during early embryogenesis. The aim of this work was to study the effect of 2-chloro-3-hydroxy-1,4-naphthoquinone, 2-chloro-3-(3-oxo-3-(piperidine-1-yl) 
D
erivatives of 1,4-naphthoquinone are widely used in medicine and veterinary as bacteriostatic, bactericidal and fungicidal preparations. These substances are characterized by a broad spectrum of biological activities, such as antiinflammatory, antiviral and anti-allergic. 1,4-naphthoquinone derivatives are used for treatment of respiratory diseases [1, 2] .
Currently, quinoid compounds are considered to be the second largest class of antineoplastic agents, some of which are at various stages of preclinical and clinical trials [1, 2] .
The literature has described the effects of amide derivatives of 1,4-naphthoquinone on various cancer cell lines: KB (oral cancer), nCI-H187 (small cell lung cancer), MCF-7 (breast cancer) and Vero cell line (monkey kidney epithelium) [1] [2] [3] . The results of these studies demonstrate that amide derivatives are able to stop cancer cells growing and have a low cytotoxicity to the pseudonormal Vero cell line [1, 3] . It was found that one of the targets for biological actions of these derivatives is the active site of topoisomerase IIa (an enzyme that affects the DnA topology) [1, 2] .
The mechanisms through which naphthoquinones can cause these effects are complicated [4, 5] . It is known that quinones, having a high reduction potential, can participate in a redox cycle through their semiquinone radicals that results in formation of reactive oxygen species (ROS), including superoxide, hydrogen peroxide and, particularly, hydroxyl radical. The formation of these molecules may lead to oxidative stress in cell due to damage to cellular macromolecules, such as lipids, proteins, and DnA [4, 5] .
On the other hand, quinones act as acceptors in the Michael reaction, and cellular damage can be caused by alkylation of important cellular proteins and/or DnA [4] . Combination of quinoid and heterocyclic fragments in one molecule is a promising step in develop ment of new biologically active compounds with a potent physiological effect [6] . Morpholine and piperidinyl fragments are widely used in pharmaceutical preparations with anti-bacterial, anti-inflammatory, analgesic, anti-tumor effect and can act as protease inhibitors [6] . Moreover, they are powerful and selective ligands for a number of different biological purposes and may be involved in donoracceptor interactions. Given the specific properties of the 1,4-naphthoquinone amide derivatives, synthesis of new compounds containing aliphatic chains of various compositions and their biological screening for development of efficient low-toxic drugs are of particular interest [1, 2] .
Our previous studies on loach embryos and larvae [7] showed that 1,4-naphthoquinone amide derivatives FO-1 (Mr 346) and FO-2 (Mr 348) at concentration of 10 -3 -10 -5 M exhibit fetotoxic effect causing development delay and abnormalities that indicate an ability of the studied naphthoquinone 
derivatives to penetrate pervitelline space and blastomeres plasma membrane. Amide derivatives of 1,4-naphthoquinone (FO-1, FO-2) cause damage to integrity of the cytoplasm membrane, the release of intracellular components into incubation medium and, ultimately, embryos death. In survived larvae changes in the tail section (it was shorter compared with intact larvae), and a slight increase in head size were observed. Larvae were inactive; some of them demon strated motor-incoordination and had pericardial edema. However, abnormalities were not observed in loach embryos and larvae under their development in the medium containing FO-1 and FO-2 at concentrations of 10 -6 and 10 -7 M. A detailed study of the effect of 2-chloro-3-hydroxy-1,4-naphthoquinone (Mr 211) and its derivatives FO-1, FO-2 in vitro on prooxidant/antioxidant systems of loach misgurnus fossilis L. embryos at various stages of early embryogenesis is relevant since it enables us to understand the mechanisms of biological effects of these compounds on cells.
materials and methods
The studied objects were embryos of freshwater bony fish loach misgurnus fossilis L. (PhylumChordata, Class -Actinopterygii, Order -Cypriniformes, Family -Cobitidae, Genus -misgurnus). It is known that the embryo of misgurnus fosslis L. during early embryogenesis is an appropriate test system to study the effect of various pharmacological and chemical factors on living organisms [8, 9] . Short duration of embryogenesis, ease of obtaining sexual products and simplicity of keeping this fish in laboratory are the main criteria for its use as a research object.
All experiments with loach were performed in accordance with the rules and regulations The european Convention for the protection of vertebrate animals used for experimental and other scientific purposes (Strasbourg, 1986) .
The average loach body length was 19.7 ± 0.9 cm. The fish were acclimated for 7 days before the experiment in a water tank. Fertilization and embryos obtaining were carried out using standard methods [7] [8] [9] .
Ovulation was stimulated by administration of chorionic gonadotropin (500 units) to loach females. The eggs were obtained 36 h after stimulation and fertilized in Petri dishes by sperm suspension [7, 8] . Testes were excised from the abdominal cavity of decapitated males. 5-10 min after fertilization, washed zygotes were incubated in Goltfreter saline solution (20-22 °C) [8, 9] . The investigation was carried out at 60, 150, 210, 270 and 330 min after egg cells fertilization. We used embryos that correspond to: first cleavage of zygote (2 blastomeres), fourth (16 blastomeres), sixth (64 blastomeres), eighth (256 blastomeres) and tenth (1024 blastomeres). Selected stages of embryogenesis correspond to the 1 h interval in development (between 16 blastomeres, 64 blastomeres, 256 blastomeres and 1024 blastomeres). During following stages a desynchronisation of embryonic cells division occurs, that is why the stages beyond 1024 blastomeres were not examined.
Loach embryos at various stages of development were homogenized in Goltfreter solution using Potter-Elvehjem homogenizer. Each homogenate sample of 1 ml was frozen at -20 °C and then used in the experiments. At the beginning of the study, 2-chloro-3-hydroxy-1,4-naphthoquinone, FO-1, FO-2 were added to each sample to a final concentration of 10
-3 M, respectively. The protein content in each sample was determined by Lowry assay [10] .
We measured intensity of lipid peroxidation by assessment of TBA-reactive substances (TBARS) content as described in [11] as well as activities of antioxidant enzymes such as superoxide dismutase (SOD) [12] and catalase (CAT) [13] .
The following reagents were used in the study: Tris-HCl (Ambion, USA), EDTA (Invitrogen, USA), N,N,N′,N′-tetramethylethylenediamine (Fluka, Germany). All other reagents were of domestic production (Sfera Sim, Ukraine) puriss or analytical grade.
The experimental data were statistically processed using Microsoft Excel-2007 Software. The significance of the difference between the mean values was evaluated using Student's t-test. The differen ce was considered statistically significant at Р < 0.05.
The normality of distribution was analyzed using the Kolmogorov-Smirnov test criteria and the SPSS Statistics 17 software.
Two-factor analysis of variance was performed using Excel-2007 software for statistical analysis to assess the contribution of the stage of embryogenesis (60, 150, 210, 270, 330 min) and the studied 1,4-naphthoquinone derivatives to the effect on the TBARS content and SOD and CAT activities.
results and discussions
It was found that the TBARS content in loach embryos at all studied stages of development under the effect of 2-chloro-3-hydroxy-1,4-naphthoquinone, FO-1, FO-2 decreased in a dose-dependent manner (Table 1) . It should be noted that the administration of these compounds at low concentrations (10 -7 M) led to a decrease in the content of lipid peroxidation byproducts, on the average by 51%, whereas at high concentrations (10 -3 M) -by 80%. It was found that the effects of FO-1 and FO-2 on the intensity of lipid peroxidation in loach embryos at the studied development stages were similar to the effect of 2-chloro-3-hydroxy-1,4-naphthoquinone.
The observed inhibitory effect of the quinone compounds on lipid peroxidation are consistent with the literature data, however the mechanism of this action is still not fully understood [14] [15] [16] . Such disruption to the normal course of oxidative processes can lead to morphological and functional changes in cells [4, 8] .
It is known that high biological activities of ROS and peroxidation products require continuous functioning of specific mechanisms of antioxidant defense (AOD), the main components of which are antioxidant enzymes. The latter along with non-enzyme antioxidants perform cytoprotective function restraining prooxidant process at all stages (beginning from the ROS formation). The weakening of any AOD part due to interdependence of all its components, or compensatory mechanism disorders can lead to oxidative stress [17] .
To investigate the prooxidant-antioxidant cell status under the effect of 2-chloro-3-hydroxy-1,4-naphthoquinone and 1,4-naphthoquinone derivatives we studied activity of key enzymes of the loach embryos antioxidant system, namely SOD and CAT.
We observed a significant increase in SOD activity ( Table 2 ). The intensity of SOD at the studied loach embryogenesis stages increased more significantly at high concentrations of 2-chloro-3-hydroxy-1,4-naphthoquinone, FO-1, FO-2 (in the range of 9-82-fold). This enzyme is known to regulate the peroxidation processes at the stage of initiation by catalyzing dismutation of superoxide anion radicals that lead to hydrogen peroxide and molecular oxygen formation.
It was found that 2-chloro-3-hydroxy-1,4-naphthoquinone and FO-1 induced sharp increase in the SOD activity at late studied stages of loach embryo development 256 blastomeres (on the average 26-fold) and 1024 blastomeres (on the average 54-fold). FO-2 administration led to increase (14-fold) in this Here and in Table 2 the difference is statistically significant with respect to control (P < 0.001)
enzyme activity compared to the control already at the 2-and 16-cell stages of embryo development. At the 64-cell stage SOD activity increased 19-fold; at the stage 256 blastomeres -32-fold, 1024 blastomeres -75-fold. It is known that quinone compounds, which are derivatives of 1,4-naphthoquinone, effectively interact with oxygen radicals including the fatty acid peroxide radicals RO 2
•
. It is known that ubiquinol (the reduced form of ubiquinone) in mitochondria not only inactivates lipid radicals and inhibits lipid peroxidation but also protects DnA and proteins from oxidative damage and inhibits tyrosine residue nitration induced by peroxynitrite [18] . This explains the fact that the TBARS content in loach embryos decreased under the effect of 1,4-naphthoquinone derivatives. It is known from the literature that naphthoquinone reduction in cells can occur due to nADH or NAD(P)H and is catalyzed by some of flavoprotein enzymes. In particular, the quinone moiety can be reduced to the corresponding semiquinone [2, 4] which, in turn, can easily give an electron to oxygen to form superoxide anion and further generate hydroxyl and hydroperoxyl radicals [4] . Quinones can be also reduced into hydroquinone by two electrons that is catalyzed by nAD(P)H: quinone oxidoreductase-1 (nQO-1, DT-diaphorase) [4, 16] . Semiquinone or hydroquinone, formed after reduction of the quinone moiety, can interact with various biomacromolecules and exhibit higher activity than the parent pharmacological quinone [2, 4] . Increase in SOD activity under the action of 2-chloro-3-hydroxy-1,4-naphthoquinone, FO-1, FO-2 indicates formation of a large amount of superoxide anion radical O 2 -(which this enzyme inactivates) in loach embryo cells at the studied stages of development. A significant increase in SOD activity supports the view that naphthoquinones can act simultaneously as pro-oxidants and antioxidants [18] .
T a b l e 2. The activity of superoxide dismutase (activity unit/min mg protein) in loach embryos under the effect of 1,4-naphthoquinone derivatives (m ± m, n = 10)
When studying the effect of 1,4-naphthoquinone on activity of CAT, which functions in a cell together with SOD, preventing accumulation of hydrogen peroxide and formation of highly reactive hydroxyl radicals, we observed an increase in the CAT activity during the test time of loach embryos development (Table 3) , however an increase in the CAT activity does not correlate with an increase in the activity of SOD (the work of which is higher by several orders). It is known that hydrogen peroxide can be detoxified by another antioxidant enzyme, in particular glutathione peroxidase.
It should be noted that the increase of catalase activity in loach embryos is more pronounced at high studied concentrations of 1,4-naphthoquinone derivatives. The increase in CAT activity at naphthoquinone derivatives concentration of 10 -7 M was not statistically significant.
The observed antioxidant enzymes activation at the action of the studied compounds may be a result of excessive ROS production [15] due to unstable metabolite such as semiquinone that transfers electrons to molecular oxygen, thereby generating superoxide anion radical. These data are consistent with the literature data which have demonstrated that the naphthoquinone derivatives are able to increase the SOD and CAT activities in the rat liver and other organs [19, 20] .
To assess the effect of the development time and studied compounds on the intensity of lipid peroxidation and activity of AOD enzymes during loach embryogenesis we performed two-factor analysis of variance ( Fig. 2-4) . The investigation of the effect of the time factor and 2-chloro-3-hydroxy-1,4-naphthoquinone on the TBARS content revealed that the effect of the quinone derivative (80.2%, P < 0.01) predominates over the effect of other factor (11%) and Fig. 2 Performing the analysis of variance it was found that the amide derivatives FO-1 and FO-2 exhibit a significant effect on the TBARS content and SOD activity. The contribution of FO-1 to the effect on the TBARS content and SOD activity were 84.2% (P < 0.001) and 72% (P < 0.001), respectively. The values of the FO-2 effect on the TBARS content and SOD activity were 84.6% (P < 0.001) and 91% (P < 0.001), respectively. The obtained data allows us to conclude that the test compounds directly affect the TBARS formation and SOD activity. At the same time, the catalase activity is more influenced by time of loach embryo development, however a minor effect of 1,4-naphthoquinone is also reliably evident.
Thus, introduction of the studied compounds into incubation medium leads to a decrease in the content of lipid peroxidation products. Furthermore, under their effect the activities of superoxide dismutase and catalase increase in loach embryo cells during early embryogenesis. The results of two-factor analysis of variance demonstrate that 2-chloro-3-hydroxy-1,4-naphthoquinone and amide derivatives of 1,4-naphthoquinone (FO-1 and FO-2) have more significant effect on the TBARS content and superoxide dismutase activity. Still, time of loach embryos development has the dominating influence on the catalase activity compared with the studied 1,4-naphthoquinone derivatives .
unaccounted factors. The effect of the studied substance on the SOD activity was 82.3% (P < 0.001), the effect of the development time -8%. It is important to note that the effect of all studied compounds on the CAT activity was minimal, whereas the time of embryo development affected the CAT activity significantly.
К л ю ч е в ы е с л о в а: зародыши вьюна, амидные производные 1,4-нафтохинона, перок-сидное окисление липидов, супероксиддисмута-за, каталаза.
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